This paper assesses the role of …nancial variables in real economic ‡uctuations, in view of analysing the link between …nancial cycles and business cycles at the global level. A Global VAR modelling approach is used to …rst assess the contribution of credit and asset price variables to real economic activity in a number of countries and regions. The GVAR model is based on 38 countries estimated over . An analysis on a sample excluding the post-…nancial crisis period is also provided to check whether …nancial variables have gained importance in explaining business cycle ‡uctuations over the recent past. In a second step, …nancial shocks are identi…ed through sign restrictions in order to illustrate how …nancial and business cycles could be related. Overall, the paper shows that the importance of credit and asset price variables in explaining real economic ‡uctuations is relatively large, but has not signi…cantly increased since the global …nancial crisis. The international transmission of …nancial shocks on business cycle ‡uctuations also tends to be large and persistent. Keywords: international transmission of shocks, …nancial cycle, business cycle, GVAR model. JEL Classi…cation: E32, E37, E44, E51, F47.
Non-technical summary
The global …nancial crisis has led to a renewed interest in studying the linkages between …nancial variables and real economic developments. While …nan-cial factors played a minor role in macroeconomics in the pre-crisis period, the most recent research focuses on the inclusion of …nancial variables and …nancial channels in macroeconomic analyses and models. The global nature of the crisis also implies that including …nancial variables may not be su¢ cient to fully capture real-…nancial linkages. Therefore, the role of the international transmission of …nancial shocks on business cycle developments also requires a modelling of the cross-country interactions through which such shocks propagate.
The importance of the links between …nancial factors and the real economy and their global dimension call for a rethinking of macroeconomic modelling, which should account both for the inclusion of credit and asset prices and for international linkages. The analysis of business cycle ‡uctuations and the corresponding analytical and policy challenges cannot ignore the understanding of the …nancial cycle, characterised by booms and busts in asset prices associated with ‡uctuations in credit developments. Against this background, the most parcimonious description of the …nancial cycle is in terms of credit and property prices, owing to their strong comovements. These two variables also combine prices and quantities and capture the two-way interaction between …nancing constraints (credit) and risk perceptions (property prices).
This paper investigates the transmission of …nancial shocks to the real economy, domestically and cross border, in order to assess the role of the …nancial cycle on the business cycle. In particular, it assesses the role of …nancial variables in real economic ‡uctuations, in view of analysing the link between …nan-cial cycles and business cycles at the global level. A modelling of international linkages including …nancial variables has been developed with the global VAR model approach that allows for the interdependencies across a large number of countries between national and international factors, including real, monetary and …nancial variables. This modelling approach has been shown to be quite e¤ective in dealing with the common factor interdependencies and international co-movements of business cycles. In this paper, a Global VAR modelling approach is used to assess the contribution of credit and asset price variables to real economic activity in a number of countries and regions. The GVAR model is based on 38 countries estimated over 1987-2013. This paper extends previous research in three dimensions. First, the GVAR model includes -in addition to the macroeconomic, monetary and credit variables -property prices in view of capturing all the features of the …nancial cycle. Second, the sample analysed includes a rather long post-…nancial crisis period, verifying whether …nancial variables have gained importance in explaining business cycle ‡uctuations over the recent years. Third, through to the inclusion of both credit and asset price variables (both equity and property prices) in the GVAR model, the paper proposes an identi…cation of …nancial shocks through sign restrictions in order to illustrate how …nancial and business cycles could be related.
Overall, the results show that the importance of credit and asset price variables in explaining real economic ‡uctuations is relatively large but has not signi…cantly increased since the global …nancial crisis. The international transmission of …nancial shocks on business cycle ‡uctuations also tends to be large and persistent. The extended version of GVAR model (through the inclusion of credit and property price variables) shows …rst that such …nancial-cycle related variables change the dynamic properties of the model, making the responses of real variables to …nancial shocks more persistent. There are however strong cross-country di¤erences in terms of responses, notably within the euro area. Second, the 2007-8 global …nancial crisis is shown not to lead to strong, signi…cant changes in the model properties. The transmission of …nancial shocks remain similar whether we consider a sample including or excluding the crisis period. At the same time, the stability tests point however to possible changes in the reaction of …nancial variables to other variables. The paper also con…rms the role of the US economy in the global …nancial cycle and shows that global …nancial shocks, although leading to similar responses on credit and asset prices, have stronger impacts on real variables. Finally, the paper shows that imposing restrictions on both credit and property prices in the identi…cation of …nancial shocks is key to investigate the link between …nancial and business cycles.
Introduction
The global …nancial crisis has led to a renewed interest in studying the linkages between …nancial variables and real economic developments. While …nancial factors played a minor role in macroeconomics in the pre-crisis period, the most recent research focuses on the inclusion of …nancial variables and …nancial channels in macroeconomic analyses and models. The global nature of the crisis also implies that including …nancial variables may not be su¢ cient to fully capture real-…nancial linkages. Therefore, the role of the international transmission of …nancial shocks on business cycle developments also requires a modelling of the cross-country interactions through which such shocks propagate. 1 The importance of the links between …nancial factors and the real economy and their global dimension call for a rethinking of macroeconomic modelling, which should account both for the inclusion of credit and asset prices and for international linkages. Borio (2012) , considering the environment that has prevailed for at least three decades, recognises that it is not possible to understand business ‡uctuations and the corresponding analytical and policy challenges without understanding the …nancial cycle. The author de…nes the …nancial cycle as "self-reinforcing interactions between perceptions of value and risk, attitudes towards risks and …nancing constraints, which translate into booms followed by busts" (p2). Against this background, the most parcimonious description of the …nancial cycle is in terms of credit and property prices owing to their strong comovements (Drehmann et al., 2012) , as shown by Figure 1 based for a sample of 38 countries used in the empirical exercise below. As advocated by Borio (2012), these two variables also combine prices and quantities and capture the two-way interaction between …nancing constraints (credit) and risk perceptions (property prices).
A modelling of international linkages including …nancial variables has been proposed by Pesaran et al. (2004) , who propose a global VAR model (GVAR) to allow for the interdependencies across a large number of countries between national and international factors, including real, monetary and …nancial variables.
This modelling approach has been further developed by Dees et al. (2007) , showing that it is quite e¤ective in dealing with the common factor interdependencies and international co-movements of business cycles. More recently, the GVAR methodology has been applied to study how credit supply shocks propagate internationally. Xu (2012) shows that the inclusion of credit variables provides a signi…cant improvement in modeling and forecasting real variables for countries with developed banking sector. There is also strong evidence of the international spillover of US credit shocks and their propagation to the real economy.
Eickmeier and Ng (2015) also use a GVAR approach to model …nancial variables jointly with macroeconomic variables and identify …nancial shocks through sign restrictions on the short-run impulse responses. They …nd negative macroeconomic impacts of credit supply shocks, especially when they originate from the US. Domestic and foreign credit and equity markets also respond signi…cantly to credit supply shocks. Cesa-Bianchi (2013) also uses a GVAR modelling approach to investigate the international spillovers of housing demand shocks on real economic activity and …nds evidence for the existence of strong international spillovers of U.S. housing demand shock to advanced economies. 
Methodology
The analysis is based on a Global VAR model, following Pesaran et al. (2004) and Dees et al. (2007) . The GVAR approach consists of specifying and estimating a set of country-speci…c vector error-correcting models that are consistently ECB Working Paper 1895, April 2016combined to generate a global model that can be simultaneously solved for all the variables in the world economy. The GVAR approach principles are …rst presented, before looking more precisely at the version used in this paper.
The GVAR approach
The GVAR modelling approach provides a relatively simple yet e¤ective way of modelling complex high-dimensional systems. This methodology relies on a two-step approach. In the …rst step, country-speci…c models are estimated conditional on the rest of the world. This addresses the problem of consistently modelling interdependencies among many economies through the construction of "foreign"variables, which are included in each individual country model. Thus, each country model includes domestic variables together with variables obtained from the aggregation of data on the foreign economies using weights derived from bilateral trade statistics. Because the weighting scheme for each country re ‡ects its speci…c geographical trade composition, foreign variables vary across countries. Subject to appropriate testing, the country-speci…c foreign variables are treated as weakly exogenous during the estimation of the individual country models. In the second step, the individual country models are stacked and solved simultaneously as one large global model.
In the rest of this section we present a short overview of the GVAR approach, while referring the reader to Dees et al. (2007) for a more detailed discussion.
Suppose that there are N + 1 countries indexed by i = 0; 1; :::; N , with i = 0 for the U.S., the numeraire country. The GVAR can be written as the collection of individual country VAR(p i ; q i ) models:
where x it is the k i 1 (with k i usually …ve or six) vector of modelled variables, The country-speci…c models can be consistently estimated separately, treating x it as weakly exogenous (or long-run forcing), which is compatible with a certain degree of weak dependence across u it . 2 The country-speci…c foreign variables x it are constructed as country-speci…c trade-weighted averages over the values of the other countries
where w ij is the share of country j in the trade (exports plus imports) of country i.
3
After selecting the lag length-order p i and q i for each country by means of the Akaike Information Criterion (allowing for a maximum lag-order of 2), the VAR(p i ; q i ) models are estimated separately for each country, allowing for the possibility of cointegration among x it ; x it and d t .
Once the individual country models are estimated, all the k = P N i=0 k i endogenous variables of the global economy, collected in the k 1 vector
0 , are solved simultaneously. To do this (1) can be written as
where
Let p = max(p 0 ; p 1 ; :::; p N ; q 0 ; q 1 ; :::; q N ) and construct
by augmenting the p p i or p q i additional terms in powers of L by zeros.
Also note that
where W i is a (k i + k i ) k matrix, de…ned by the country speci…c weights, w ji .
With the above notations (3) can be written equivalently as
and then stack to yield the VAR(p) model in x t :
The GVAR(p) model (5) can be solved recursively and used for generalised forecast error variance decomposition or generalised impulse response analysis in the usual manner.
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A GVAR model with credit and asset price variables
The version of the GVAR model developed in this paper covers 38 countries, which are modeled individually (see Table 7 in Appendix).
The models are estimated on quarterly data over the period 1987Q1-2013Q1.
The variables included in the current version of the GVAR di¤er from those considered by Dees et al. (2007) . In order to capture more fully the e¤ect of the …nancial cycle, two additional …nancial variables are added: credit to the private non…nancial sector in real terms (cr it ) and real property prices (hp it ), for country i during the period t. However, given the data limitations and problems associated with compiling comparable credit and housing market measures, these variables are only included for the individual euro area countries, Sweden, the UK and the US. Real equity prices (q it ), when available, are also included in the model. Together with real house prices, these two variables capture asset price ‡uctuations in the global economy. Other variables included are real output (y it ); consumer prices (p it ), real interest rates (r it ), and the real exchange rate (e it p it ):
The data used come from the most recent GVAR database (2013 vintage), available on the Global VAR Modelling website 4 . Data on house prices come from a con…dential ECB database that compiles residential property price data for EU countries and the US from a range of public and private sources. Data on credit corresponds to total credit and domestic bank credit to the private non…nancial sector from the BIS.
The country-speci…c foreign variables, y it ; p it ; q it ; r it ; cr it , are constructed using trade weights. Given that housing markets are in ‡uenced by countryspeci…c factors, housing-related foreign variable is not included in the countryspeci…c models. Fixed trade weights, based on the average trade ‡ows over the three last year of our sample, are used to compute the matrix W i . 5 With the exception of the US model, all models include the country-speci…c foreign variables, y it ; p it ; q it ; r it ; cr it and the log of oil prices (p o t ), as weakly exogenous in the sense discussed above. In the case of the US model, oil prices are included as an endogenous variable, with e U S;t p U S;t ; y U S;t ; and p U S;t as weakly exogenous. Given the importance of the US …nancial variables in the global economy, the US-speci…c foreign …nancial variables, q U S;t , S U S;t and cr U S;t ; are not included in the US model as they are unlikely to be long-run forcing with respect to the U.S. domestic …nancial variables. The US-speci…c foreign output and in ‡ation variables, y U S;t and p U S;t ; are, however, included in the US model in order to capture the possible second round e¤ects of external shocks on the U.S. Table 1 summarises the GVAR model speci…cations and the di¤erences between the US and all the other models. 
Estimation and dynamic properties of the model 3.1.1 Estimation
While the GVAR modelling approach can be applied to stationary and/or integrated variables, we assume that the variables included in the country-speci…c models are integrated of order one, which allows us to distinguish between shortrun and long-run relations. The long-run relations can be interpreted as cointegrating. Various unit root tests are performed and, except for very few cases, all variables can be considered as I(1). It is worth noting that, unlike Dees et al. (2007) , the start of our sample enables to model prices in levels. Modelling prices in levels has the advantage that a shock will not have permanent e¤ects on in ‡ation.
Once the variables to be included in the di¤erent country models are selected, the number of cointegrating relationships is determined and the cointegrating VAR models are estimated. The order of the individual country VARX* is selected according to the Akaike information criterion. However, due to data limitations, the lag order of the foreign variables is set equal to one in all countries. For the same reason, the lag order of the domestic variablesare not allowed to be greater than two. The orders of the VARX* models, the number of cointegration relationships for selected countries are given in Table 2 . For most countries a VARX*(2,1) speci…cation is selected. As regards the number of cointegrating relationships, we …nd betwen 1 (only for emerging economies) and 4 (notably for Austria, Germany, the Netherlands, Spain and the UK). For the US, we …nd 3 cointegrating relationships. Once the cointegration analysis performed, the error-correction forms of the individual country equations given by (1) are derived. 6 The estimations and tests of the individual VARX* models are also conducted under the assumption that the country-speci…c foreign variables are weakly exogenous. Table 3 presents the results of exogeneity tests for the euro area countries, the UK and the US. This result can be neglected given that the weak exogeneity of foreign variables and oil prices are not rejected in the models of the largest euro area countries.
The same applies to the foreign variables (y U S ; p U S ; e U S p U S ) included in the U.S. model. As expected foreign real equity prices, foreign interest rate and foreign credit cannot be considered as weakly exogenous and have thus not been included in the US model. 
Stability and dynamic properties of the GVAR model
The stability of the model is also checked by …rst considering the e¤ects of system-wide shocks on the exactly identi…ed cointegrating vectors using persistence pro…les developed by Pesaran and Shin (1996) . On impact, the persistence pro…les (PPs) are normalized to take the value of unity, but the rate at which they converge to zero gives information on the speed needed for returning to equilibrium following a shock. Although the PPs can overshoot initially (exceeding temporarilly unity), they must tend to zero in the case the vector under consideration is cointegrated. To assess the role of the inclusion of credit and house price variables in the dynamic properties of our model, Figure 2 7 The GVAR contains 162 endogenous variables with a maximum lag order of 2, which give rise to a companion VAR(1) model in 324 variables. 8 Of these 247 eigenvalues, 174 (87 pairs) are complex, introducing cyclical features in the impulse responses. Given the unit eigenvalues of the system, some shocks will have permanent e¤ects on the levels of the endogenous variables. We consider next the impact of a one standard error positive shock to global real credit. This shock should be able to capture changes in the credit cycle that are shared worldwide. Figure 4 shows the impact of this shock on the euro area output. As for the previous (domestic) shock, the impact is positive and signi…cant both in the very short term and also in the medium term (up to 5 years after the shock). This global shock is positive and signi…cant not only for the euro area output, but also for the US, although the degree of signi…cance is less than in the euro area case. For the UK, the impact is less clear cut. As for the previous shock, the responses based on the pre-crisis sample are very close to those based on the full sample.
Finally, the GIRFs of a one standard error positive shock to US real credit are performed. Overall, these responses are less signi…cant than for the euro area case, although they are slightly signi…cant between the third and the fourth year following the shock on the euro area output ( Figure 5 ) and the US output. The UK output does not seem to be signi…cantly a¤ected by the US credit shock. As above, pre-crisis and full samples do not yield large di¤erences in the responses.
To check this very strong result, we next consider stability tests.
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Stability tests
The GVAR model based on the full sample could indeed face parameter stability issues. However, as country-speci…c models within the GVAR framework are speci…ed conditional on foreign variables, such an issue could be alleviated somewhat, con…rming the results obtained above when comparing impuse responses on two di¤erent samples. While the stability between the pre-crisis and the full samples could be surprising given the …nancial nature of the crisis, we could note that although univariate equations for …nancial variables (credit or asset prices) could be subject to breaks, they are likely to experience such breaks roughly around the same time in di¤erent economies, owing for strong spillover e¤ects of shocks to the rest of the world (especially when they originate from a large country/region or are global in nature). This phenomenon is related to the concept of "co-breaking" introduced by Hendry and Mizon (1998) . As the structure of the GVAR can accommodate co-breaking, the model is more robust to the possibility of structural breaks as compared to reduced-form single The results vary across the tests and to a lesser extent across the variables. 
Detailed results at the euro area county level
By disagregating the euro area into individual countries, our analysis can distinguish the impact of the shock on the various euro area countries. Figure 6 shows the reponses of individual country output to the shocks simulated above,
i.e. respectively to euro area, global and US real credit. Although the responses are rather similar on impact and in the short term, the country results show large di¤erences 2-3 years after the shock. It is interesting to note that Finland is the country where the shock has the lowest impact, while on the contrary credit shocks have sizeable e¤ects on activity in Spain, Austria, Germany and, in the case of global and US shocks, in the Netherlands.
ECB Working Paper 1895, April 2016 Tables 5 and 6 The sums across the top determinants are also shown. Note that the sum across the total number of determinants can be greater than 100% because of the positive correlation that exists across the shocks from the various countries in the global economy.
Generalised Forecast Error Variance Decomposition
In the case of the euro area (Table 5) , the greatest proportion of real output forecast error variance at a 3 year horizon is explained by US variables (real output, equity and short-term interest rates). The domestic variables also explain altogether a large share of forecast error variance, notably …nancial and asset price variables (e¤ective exchange rates, equity prices, house prices, and real credit). The contribution of oil prices is also relatively large. The presence of foreign variables among the top determinants shows the relatively high sensitiveness of the euro area economy to its international environment. Moreover, …nancial variables also contibute to the forecast error variance to a large extent, con…rming the role of …nancial cycles on the business cycle. It is worth noting that the top determinants among the …nancial variables are related to the US economy, con…rming the central role of the US in the global …nancial cycle.
ECB Working Paper 1895, April 2016 22 Figure 7 shows the overall results, aggregating the contributions by type of determinants. To make the reading and the comparison easier, the sum of the contributions has been normalised to 100%. The contribution of foreign output is the largest in the case of the euro area, while the largest determinant is domestic output (own shock) in the US case. Among the …nancial variables, foreign equity prices contribute more to euro area forecast error variance than domestic equity prices, whereas the contrary holds for the US. Exchange rates seem to matter more for the euro area than for the US, together with foreign interest rates. House prices contribute to the forecast error variance both in the euro area and the US, although to a larger extent in the latter case. Credit contributes to a similar extent in both areas, while oil prices is a larger determinant for the US. strictions assume that after a negative credit supply shock, the volume of credit should to decline. GDP is also restricted to decline, but to a lesser extent.
Moreover, the corporate bond rate, the spread between the corporate bond rate and the long-term government bond yield and the spread between the corporate bond rate and the short-term interest rate are all restricted to increase. The shocks we would like to identify here di¤er to some extent from such credit supply shocks, as de…ned in Eickmeier and Ng (2015) . First, our model does not include spreads and government bond yield. Second, we would like to link these shocks to the …nancial cycle, as de…ned by Borio (2012) . The inclusion of property prices will allow us to impose restrictions on both credit development and on house price changes. In order not to impose any a priori link between the …nancial cycle and the real economy, we do not make any restriction on real output. A positive …nancial shock will then be de…ned as a shock that increase Therefore, the present GVAR model contains 29 economic areas. The trade shares used to construct the country-speci…c foreign variables (the "starred" variables) are given in the 29 29 trade-share matrix available on request. Table 8 
